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There is a renewed interest in grazing systems in many temperate and subtropical regions 
of the world. This results from lower inflation-adjusted prices, the proposed removal of 
some subsidies and tariffs, and rising labour, machinery and housing costs. The utili-
zation of grass by grazing should provide the basis of sustainable livestock systems as 
grazed grass is the cheapest source of nutrients for ruminants. This is very important 
in the Irish context as there are approximately 130 000 farmers involved in primary 
production in Ireland and the value of the goods produced was €5.8 billion in 2008. 
For the future, the key objective for grazing systems is to ensure high grass utilization, 
allowing increased output per hectare for all sectors. The primary emphasis in grass 
breeding needs to be focused on (i) seasonal growth pattern as well as overall annual 
growth, (ii) nutritive value, including digestibility, particularly in the mid-season period, 
(iii) ensuring a sward canopy structure that is suitable for grazing, and (iv) development 
of persistent cultivars that perform under farm conditions. Evaluation programmes 
should also consider including an estimate of production potential at the field as well 
as at plot level, and evaluation under grazing management systems as well as under 
mixed grazing/silage management systems. It is difficult to accurately quantify the 
breeding achievements for grass mainly because its value, whether grazed or conserved, 
must be indirectly realised through the output of animal product. Grass evaluation and 
breeding need to better accommodate the requirements of the grazing ruminant. This 
will necessitate the application of new approaches and knowledge, which will ultimately 
enable further increases in animal output per hectare to be achieved.
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Introduction
Agricultural policy has major implications 
for the types of ruminant production sys-
tems that develop in different countries. 
The EU Common Agricultural Policy 
(CAP) was established to guarantee food 
security at stable and reasonable prices 
to producers but also to protect domes-
tic agriculture from foreign competitors. 
Europe is now moving towards a more 
deregulated market, with milk quotas to 
be abolished in 2015 and CAP to be fur-
ther reviewed. The deregulation of some 
southern hemisphere markets has taken 
place already. For example, the Australian 
dairy industry was deregulated in 1999 
and the subsequent impact was a decline 
in the number of dairy farms from 22,000 
in 1980 to 10,000 in 2004. Australian dairy 
farmers, like New Zealand (NZ) dairy 
farmers, now operate in a deregulated 
environment. International markets and 
prices are the major factors determining 
the price farmers in Australia and NZ 
receive for their products. Alongside these 
changes, dairy farmers in both Australia 
and NZ are making greater use of pasture 
as the base feed and this element of their 
industry has received more interest in the 
last decade. Ireland is an exporting nation 
in terms of the products from our grass-
land/ruminant industry. Further exploita-
tion of grassland systems will require the 
use of improved grass and clover cultivars, 
development of technologies that increase 
the intake of grazed grass throughout an 
extended season, and the transmission of 
best practise knowledge and skills to grass-
land farmers. In the past, the achievements 
and progress in grass breeding have been 
neglected by the ruminant industry, as 
evidenced by low pasture reseeding levels 
(Creighton et al. 2011). 
The objective in this paper is to identify 
the future requirements of ruminant live-
stock systems in Ireland that will maximise 
product output from grazed grass.
Economic value of ruminant production 
to the Irish economy
There are approximately 130 000 farm-
ers involved in ruminant production in 
Ireland. The goods they produce were 
valued at €5.8 billion, at the farm gate, 
in 2008 (DAFF 2010). Over 73% of this 
figure is made up of sales from milk, meat 
and other livestock. 
Dairy
Ireland’s dairy industry is an export-driven 
sector with 85% of dairy products export-
ed, which represented 27% of all food 
and drink exports in 2008. Ireland has 
experienced a significant reduction in the 
number of dairy farms since the introduc-
tion of the EU milk quota regime in 1984; 
from 68,000 in that year to approximately 
19,700 in 2008. In 2008 milk accounted 
for the second-largest share of Ireland’s 
gross agricultural output at 28%, but this 
declined to an estimated 22.5% in 2009 
due to the reduction in dairy product 
prices. The value of these exports was 
€2.3 billion in 2008 (estimated at €2 billion 
in 2009); the UK market accounted for 
32% and the rest of the EU accounted for 
48% of these exports (DAFF 2010).
Beef
Annual output was some €2 billion, with 
beef exports amounting to €1.7 billion, 
which represented 20% of total Irish food 
and drink exports in 2008. As with the 
decline in the agricultural sector’s total 
export values in 2009, beef exports also fell 
considerably, to an estimated €1.4 billion. 
Ireland exports over 90% of its beef and, 
in the period since 2000, the share of Irish 
exports to lower value and more volatile 
non-EU markets has declined from over 
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50% to less than 3%. In addition, fresh 
beef, which is supplied to retail, food ser-
vice and manufacturing clients in Ireland 
and across the EU, now comprises over 
90% of all output. This contrasts with the 
situation less than 10 years ago when the 
majority of product from the beef process-
ing industry was lower-value frozen pro-
duct (DAFF 2010). 
Sheep
There are approximately 32,000 sheep 
flocks in Ireland. Production systems and 
productivity differ significantly between 
hill and lowland producers. The national 
sheep flock has declined steadily over the 
last 15 years, having risen sharply over the 
previous 10 years. The decline has been 
more pronounced since decoupling and 
the introduction of the EU Single Farm 
Payment. The number of ewes fell to 2.6 
million in June 2008 and, largely as a 
consequence of this decrease, the output 
value of sheep and lamb fell to an estimat-
ed €159 million in 2009, from €171 million 
in 2008. France accounted for more than 
50% of Irish sheep meat exports in 2009.
Exploiting the competitive advantage 
of Irish production systems
One of the major competitive advantages 
that Ireland has over many EU countries 
is the potential to produce between 12 
and 16 t/ha grass dry matter (DM) over a 
long growing season. Dillon et al. (2005) 
showed a strong relationship between the 
total cost of production and the propor-
tion of grazed grass in the diet of the dairy 
cow in a number of countries. The average 
cost of milk production was reduced by 
1 c/L for a 2.5% increase in grazed grass in 
the dairy cow diet. The data also demon-
strated that a considerable proportion of 
the dairy cow diet (>50%) must comprise 
grazed grass before a significant impact on 
production cost is realised. In recent years, 
grazing management strategies have been 
identified that increase the proportion of 
grazed grass in the diet in ruminant pro-
duction systems, and reduce dependency 
on indoor feeding in Irish systems. 
The relative cost of grazed grass, grass 
silage, maize silage, rolled barley and kale, 
on a DM basis and on a UFL (energy, 
Unite Fourragere Lait) basis, at a land 
rental charge of €350/ha, is presented in 
Table 1. Costs were calculated using a 
range of stocking rates and corresponding 
herbage production values. Different lev-
els of grass utilization were also included. 
A scenario with perennial ryegrass (PRG) 
and white clover (WC) at 2 cows per 
hectare was also considered. The results 
show that the cost of first-cut grass silage 
was 3.15 times that of grazed grass while 
the corresponding value for second-cut 
grass silage was 3.18; the cost of rolled 
barley was 2.2 times the cost of grazed 
grass. Maize silage had a slightly lower 
cost than first-cut grass silage. In addition, 
the results show that grazed grass is the 
lowest-cost feed, and therefore should be 
the base feed for ruminants in Ireland. 
The competitive advantage of grass-based 
production systems is expected to increase 
over the next number of years due to 
higher concentrate prices and grass silage 
costs. The costs of conserved feeds (grass 
silage and maize silage) are expected to 
continue to increase relative to grazed 
grass due to increases in labour, energy 
and machinery costs.
Dairy production systems
The overall objective of farm-systems 
research is to increase farm profitabil-
ity per hectare by implementing practices 
that increase the amount of grass har-
vested per hectare for milk solids pro-
duction, whilst improving nutrient use 
efficiency. The result of changes in the 
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management practices at Curtin’s Farm, 
Teagasc, Moorepark over the last 25 years 
are summarised in Table 2. As illustrated, 
the stocking rate (SR; cows per hectare) 
on the farm increased from 2.5 in 2005 to 
in 2009, while at the same time both con-
centrate use and inorganic fertiliser use 
were reduced. Improved grazing manage-
ment practices have resulted in total pas-
ture production increasing from 12.5 t/ha 
DM on grazing paddocks in the 2001 to 
2005 period to 15.7 t/ha DM in 2009. Milk 
solids production per cow fell from 500 
kg (2001 to 2005) to 430 kg (2009) due to 
increased grazing intensity and a reduc-
tion in concentrate use. 
The focus on efficiency in dairying 
means that higher grass utilization per 
hectare must be targeted, and the gains 
that can be achieved are clearly set out 
in Shalloo (2009). Stocking rate is the 
major factor governing productivity from 
grass. A recent review of SR experiments 
led to the conclusion that an increase in 
SR of 1 cow per hectare will result in an 
increase of 20% in milk production per 
hectare (McCarthy et al. 2010). With cur-
rent national average value of 1.9 cows 
per hectare, a mean calving date of mid-
March, and calving rate of 59% in 42 days, 
the Irish dairy industry is failing to real-
ize significant milk production and grass 
utilization potential. Recommended best 
practice is to target 2.5 to 3.3 cows per 
hectare on the grazing area, have 90% of 
the herd calving within a 42-day period, 
and a mean calving date of mid February. 
Key targets for the success of this system 
are to increase grass production to 18 t/
ha DM and grass utilization to 90%. The 
ultimate output target of the dairy produc-
tion system should be 1400 to 1500 kg milk 
solids per hectare.
Beef production systems 
There are a wide range of grassland-based 
beef production systems in operation in 
Ireland, but the two predominant systems 
are dairy-calf to beef and suckler-calf to 
beef.
Dairy-calf to beef: This is the standard 
system for taking spring-born male calves 
from the dairy herd through to finish as 
steers at 24 months. The earliest form of 
this system involved Friesian steers and 
grazed grass was the feed source between 
March and November, while the average 
grass-silage:concentrate (DM basis) input 
during the winter was 3.5:1 (Flynn 1979). 
The description of system provided little 
detail regarding grazing management prac-
tice other than to advise that SR should be 
appropriate to the grass growth and utiliza-
tion potential of the farm, and that calves 
Table 2. Performance of the dairy production system at Curtin’s Farm (Teagasc, Moorepark) 
from 1984 to 2009
 Year Target
1984‡ 2001–2005† 2007§ 2009¶
Stocking rate (cows/ha) 2.91 2.50 2.65 2.82 3.30
Concentrate (kg/cow) 725 350 190 175 300
Fertilizer N (kg/ha) 423 300 305 246 250
Annual grass dry matter production (t/ha) 12.8 12.5 14.7 15.7 18.0
Surplus feed dry matter (t/ha) – – 1.6 1.8 –
Milk solids yield
    Per cow (kg) 354 500 478 430 460
    Per hectare (kg) 1029 1250 1254 1220 1518
‡ McCarthy (1984); †McCarthy et al. (2005); §McCarthy et al. (2007); ¶Coleman et al. (2009).
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would be rotationally grazed ahead of year-
lings (Flynn 1979). The current calf-to-beef 
system described by Keane, O’Riordan and 
O’Kiely (2009) has grass, silage and con-
centrate in the ratio 2.9:1.7:1, respectively, 
with grazed grass comprising just over half 
of the diet (51%). 
In the late 1980s, the carcass output 
that had been possible a decade earlier 
with implants was now achieved without 
them (Harte 1987). Intensification con-
tinued into the early 1990s and was fur-
ther improved by the replacement of 
half of the Friesians with Charolais × 
Friesians and an increase in concentrate 
input (Keane and Darby 1992). The sys-
tem was then de-intensified in order to 
maximise profit following the reform of 
the CAP in 1992 and to conform with 
an upper SR limit of 2 livestock units 
per hectare for eligibility for the special 
beef premium and the declining carcass 
weight threshold for eligibility for sell-
ing carcasses into the EU intervention 
scheme. By the mid 1990s, the system was 
modified to minimise costly inputs, such 
as calves and concentrates, and maximise 
carcass value and premia entitlements. 
This resulted in Friesian and Charolais 
steers being finished at 24 and 30 months, 
respectively (Keane and Drennan 1995). 
In anticipation of future decoupling of 
premia from cattle in CAP, the system 
was further developed to achieve a carcass 
output of 1000 kg/ha using Charolais × 
Friesian steers (Keane and O’Riordan 
1998). Approximately 54% of an animal’s 
lifetime weight gain was derived from 
grass, 24% from grass silage and 22% 
from supplementary concentrate.
The current system is illustrated in 
Table 3; there is a major emphasis on 
maximising the intake of grass during an 
extended grazing season, while the aver-
age grass-silage:concentrate (DM basis) 
input during the winter is 1.7:1. Individual 
animal growth rate has increased consid-
erably, with the main increases occurring 
during the grazing season and the winter 
period. The most immediate constraint to 
further increasing carcass output is the SR 
rate restrictions that have been imposed 
as a result of various EU policies. To 
show the potential that exists to consider-
ably increase beef output when finishing 
steers at 24 months on a grass and grass-
silage diet, O’Riordan and O’Kiely (1996) 
showed how the proportion of annual 
feed intake contributed as grass and grass 
silage could increase carcass output from 
553 to 970 kg-1 ha-1 year-1.
Suckler-calf to beef: The Irish suckler-
beef system is based on spring-calving 
cows rearing their own calves until wean-
ing at the end of the first grazing season. 
These weanings are then taken through to 
slaughter as described above for animals 
from the dairy herd. Major changes in 
Table 3. Evolution of dairy-calf-to-beef system in terms of stocking rate, breed, carcass weight, 
concentrate input and carcass output
Period Stocking 
rate1
Breed 
type2
Carcass 
weight (kg)
Concentrate 
(kg)3
Output 
(kg/ha)4
Source
Late 1970s 2.22 Fr 290 600 640 Flynn 1979
Late 1980s 2.00 Fr 330 750 660 Harte 1987
Late 1990s 2.27 Ch 360 1100 1000 Keane 2000
2009 1.78 Ch 350 1000 630 Keane et al. 2009
1 Units (yearling + calf) per hectare.
2 Fr = Friesian; Ch = Charolais × Friesian.
3 Lifetime total per animal.
4 Cold carcass.
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the system have included the replacement 
of traditional early-maturing beef-breed 
sires with late-maturing “continental”-
breed sires, the replacement of early-
maturing by late-maturing beef breeds 
in the breeding of suckler cows, higher 
animal growth rate, finishing male prog-
eny as bulls and at a younger age, an 
earlier start to the grazing season result-
ing in an increased contribution of grass 
to the total diet, increased concentrate 
input, reduced grass silage requirement, 
increased carcass output per hectare and 
an increase in the number of cow-prog-
eny units (cow plus progeny through 
to finish) per hectare. The proportional 
DM contribution of grazed grass, grass 
silage and concentrate per cow-progeny 
unit per year is currently 0.6, 0.3, 0.1. The 
target is to move these feed inputs to cor-
responding values of 0.65, 0.25 and 0.1, 
respectively.
Sheep production systems
Grass, either grazed or conserved, provides 
90 to 95% of the energy requirements of 
sheep (Keady et al. 2009), compared to 
80% for dairy cows and 65% for beef 
cattle. Any improvement in the produc-
tion efficiency and grass utilization would 
significantly increase farm profitability. 
Nolan (1972) in a 4-year SR trial found 
that the mean meat production was 
203 kg/ha (low SR) and 301 kg/ha (medi-
um SR) (Table 4). Keady et al. (2009) 
investigated two contrasting management 
systems – year round grazing (YRG) and 
a normal seasonal grazing (GWF) (Table 
4). Two breed genotypes Belcare and 
Cheviot-X were also evaluated within 
this study. Lamb carcass outputs (kg/ha) 
were: 501, 458, 365 and 334 kg for the 
Belcare on GWF, Cheviot-X on GWF, 
Belcare on YRG and Cheviot-X on YRG, 
respectively. Carcass output in the Keady 
et al. (2009) study was 40% higher than 
that reported by Nolan (1972). The main 
efficiency drivers of the current systems 
are the increase in number of lambs 
reared per ewe and better synchrony of 
lambing rate with the onset grass growth 
in spring. 
Table 4. Change in output from lowland sheep production systems between 1972 and 2009
Production system†
Nolan (1972) Keady et al. (2009)
LSR MSR GWF YRG
Stocking rate (ewes/ha) 10 15 14.4 10.5
Days at grass 250 245 270 322
Mean lambing date 1 April 1 April 20 March 30 March
Nitrogen input (kg/ha) 77 77 85 92
Lambs reared per ewe 1.27 1.24 1.77 1.78
Age at slaughter (days) – – 168 156
Carcass weight (kg) 15.5 15.3 18.8 18.8
Carcass output (kg/ha) 203 301 479 351
Perennial ryegrass content (%) 5.5 7.5 – –
Grass DM‡ production (t/ha) 10.7 10.9 – –
Concentrate offered (kg/ewe) 29.5 29.5 25§ 25§
Silage DM offered (kg/ewe) 94 103 220 0
† LSR = low stocking rate, MSR = medium stocking rate, GWF = grass with indoor silage feeding in winter, 
YRG = year-round grazing.
‡ Dry matter.
§ Concentrate offered pre lambing only.
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Grassland systems for sheep on Irish 
farms involve a low input of inorganic N 
fertilizer. Perennial ryegrass – white clover 
systems offer production advantages in 
these circumstances. Nolan (1998) com-
pared old permanent pasture and mainly 
PRG pasture with a grass-clover pasture, 
allocated daily herbage DM allowances 
of 1.5, 3.0 and 5.0 kg/head, over two 
periods (July/September and October/
November). There was a significant linear 
response in live-weight gain to increasing 
herbage allowance on each pasture type 
in each period. Lamb growth rates were 
similar on the two grass swards but were 
higher on the grass-clover sward. Higher 
animal output with weaned lambs can be 
achieved (28%) on pasture with a clo-
ver content. The potential exists to dou-
ble lamb output per hectare in intensive 
sheep systems. The best technical lowland 
sheep farms are stocked at 8.3 ewes/ha, 
achieve weaning levels 25% lower than 
research flocks, but have 60% higher 
concentrate input (Hanrahan 2010). 
Considerable increases in productivity, 
i.e., output per hectare, can be achieved 
in the sheep sector with the adoption of 
current technologies. 
Silage production on Irish farms
Apart from providing feed primarily for 
the winter, the production of grass silage 
also facilitates efficient grazing manage-
ment, recycling of nutrients from slurry 
and control of internal parasites. Just over 
1 Mha of Irish grassland is harvested for 
silage at least once during the year (CSO 
2001), and grass silage is made on 87% of 
Irish farms; the average percentages of this 
total area harvested for first, second and 
subsequent silage cuts were 78, 21 and 1%, 
respectively. On dairy farms the highest 
emphasis is on taking a second cut (69:30:1) 
and on sheep farms the least (92:8:0). The 
emphasis on second-cut harvests of grass 
for silage has declined in recent years. This 
trend is likely to continue as the length of 
the grazing season increases. Round bale 
silage (99% of all baled silage) is made on 
74% of all farms, and although it is popu-
lar across all enterprises and farms sizes, 
it is particularly common (and often the 
primary silage-making system) on cattle 
rearing (84%) and sheep (81%) farms, and 
on smaller sized (82%) farms (CSO 2001). 
In many cases, where it is a secondary sys-
tem (usually dairy farms), it is used tacti-
cally to remove grass from paddocks that 
are surplus to the short-term needs of the 
herd thereby facilitating improved grazing 
management. 
Grass-clover systems
Current grazing systems employ man-
agement practises which are optimised 
for grass growth, with minimal focus on 
clover. Grass-clover swards are not regu-
larly used despite the low average SR in 
Ireland. In New Zealand, despite higher 
stocking rates, clover is an integral com-
ponent of dairy systems (Woodfield 1999). 
Humphreys, Casey and Laidlaw (2009) 
reported high milk solids output (1000 
kg/ha) from a SR of 2 cows per hectare 
in systems based on swards with a high 
clover content. Genetic improvements in 
white clover have resulted in 1% annual 
improvements in herbage yield, N fixa-
tion and resultant animal performance 
(Woodfield 1999). Recent innovations in 
New Zealand using semi-hybrid clover in 
grazing systems are encouraging. A recent 
evaluation of semi-hybrid clover showed 
that it produced 50% more DM than con-
ventional clovers over 3 years (Woodfield 
and Clark 2009). The need for clover is 
clear in grazing systems, but the challenge 
is to integrate clover more into grazing 
systems and to develop an understanding 
of the interactions between grass and clo-
ver under grazing conditions. 
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Dry matter production increases – 
targeting the improvements
Potential grass production
Parsons (1988) demonstrated that 
although a grass sward initially produces 
the equivalent of 65 t/ha DM per annum, 
because of losses in the system, only some 
20% of this is eventually harvested. A 
key component of this loss is death and 
decay within the sward and this should 
be minimised. Wright (1978) suggested 
that a potential annual yield of 30 t/ha 
DM was possible, but recorded a yield 
of 24 t/ha DM from experimental plots 
in Northern Ireland. Cooper and Breese 
(1971) recorded a yield of 29 t/ha DM. 
An average annual DM yield of 14.0 t/ha 
was recorded at Teagasc, Moorepark from 
1982 to 2009 (range 11.0 to 18.6 t/ha 
among years). Within Ireland, although 
growth patterns differ between locations, 
overall DM production is relatively con-
sistent across sites. Annual yields of 15 to 
15.5 t/ha DM can be achieved consistently 
from plots managed optimally. Herbage 
DM production at farm level is more vari-
able. Thus, DM production on intensive 
dairy farms ranged from 9.2 to 14.4 t/ha in 
2009 (Shalloo, Creighton and O’Donovan 
2010).
Over the last 50 years the gains in DM 
yield of PRG have been 4 to 5% per 
decade in North Western Europe. Grass 
DM production from cultivars on the 
recommended list in Northern Ireland 
(Gilliland 2007) has increased by 0.04 
t ha-1 year-1 under simulated grazing and 
0.114 t ha-1 year-1 under an intense con-
servation regime. These data show a pro-
gressive increase in DM production, on 
average a net increase of 5% over the last 
decade. 
Seasonality of grass production 
The economic value of grass varies across 
the growing season (Doyle and Elliot 1983; 
McEvoy, O’Donovan and Shalloo 2010). In 
particular, improving DM yield in winter, 
spring and autumn is particularly impor-
tant as this enables increased inclusion of 
grazed grass in the diet, which displaces 
more costly feeds and improves animal 
performance (Kennedy et al. 2005). 
A grass growing day is classified (for 
the purposes of Figure 1) as a day when 
soil temperature is >5 oC at 0900. A 
337
331
319
270
280
290
300
310
320
330
340
350
360
1990–1996 1997–2002 2003–2008 
Period
G
ra
ss
 g
ro
w
in
g 
da
ys
Figure 1. The change in number of growing days from 1990 to 2008 (vertical lines = ± s.e.).
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substantial increase in the number of 
growing days has been recorded at Teagasc 
Moorepark over the period 1990 to 2008. 
In 1996, there were 300 growing days, 
while in 2005 a total of 349 grass grow-
ing days were recorded. In total there has 
been an increase of 18 in the average num-
ber of growing days between the periods 
1990 to 1996 and 2003 to 2008. 
Winter/spring growth
Anderson et al. (1999) found a 14% dif-
ference in winter yield between PRG cul-
tivars over a 4-year period, but a 316% 
difference in winter yield between tall 
fescue cultivars. In recent years some New 
Zealand grass cultivars have been exam-
ined at Moorepark and the production of 
these cultivars during the winter is sum-
marised in Table 5. Such cultivars have the 
capacity to increase grass DM production 
by up to 500 kg/ha during the winter. 
Over 2 years, the DM production in 
winter/spring (October to March) by the 
3 New Zealand cultivars was substantially 
higher than the Irish or European bred 
cultivars; 50% higher for swards closed in 
October and 28% higher for those closed 
in November. Cultivars such as these, when 
combined with an appropriate autumn 
closing strategy, can transform the closed 
period in winter into a period of DM accu-
mulation on Irish farms. However, some 
winter-active cultivars may have negative 
quality effects in mid-season. 
Summer growth
High peak DM production in May/June, 
with little emphasis on early-spring/late-
autumn DM production, was a character-
istic of animal production systems based 
on a high requirement for conserved grass 
silage. With increased focus on earlier 
grazing in spring and later grazing in the 
autumn, characteristics such as early 
spring and late autumn DM production 
have become more important and there 
is a reduced requirement for high peak 
DM production in May/June. High levels 
of mid-season grass production may trig-
ger sward quality problems that result in 
reduced animal performance, e.g., low 
milk protein concentration and poor live-
weight gain in growing lambs and beef 
animals. To overcome this there has been 
a large increase in the use of late heading 
Table 5. Effect of closing date and grazing date on the dry matter production (kg/ha) over the winter period 
by 12 perennial ryegrass cultivars (mean for 2007 and 2008)
Cultivar Grazing date by closing date
Feb Mar
Mid Oct Mid Nov Mid Oct Mid Nov
Alto (NZ)† 1203 429 1815 1165
Arrow (NZ) 1114 488 1978 1249
Bealey (NZ) 1183 512 1928 1341
Dunloy (NI) 711 175 1211 681
Dunluce (NI) 698 219 1503 878
Glencar (ROI) 707 250 1470 909
Greengold (ROI) 881 203 1517 824
Lismore (DE) 604 184 1234 850
Malone (NI) 726 181 1345 813
Navan (NI) 808 198 1271 736
Portrush (NI) 639 160 1276 774
Tyrella (NI) 747 183 1370 859
† NZ = New Zealand, ROI = Republic of Ireland, NI = Northern Ireland, DE = Germany.
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PRG cultivars in preference to both early- 
and mid-season heading cultivars. 
Autumn growth
Grass DM availability in autumn is crucial 
and is required on both dairy and livestock 
farms. The availability of grass DM in 
autumn is easy to manipulate through fer-
tilizer N input and rotation length (Roche 
1996). O’Donovan et al. (2002) reported 
that each 1 day delay in closing date after 
10 October reduced grass DM supply in 
spring by 10 kg/day. The ultimate objec-
tive in autumn is to delay closing date and 
maintain spring grazing date. 
Persistency
Pasture reseeding is expensive, so the per-
sistency and lifetime DM production of the 
sown cultivars are important aspects of the 
sward. Forage species/cultivars vary in the 
rate of tiller survival (Camlin and Stewart 
1978). Perennial ryegrass tillers will be lost 
from the sward over time, allowing for the 
invasion of unsown species. Persistency of 
grasses can be measured by evaluating the 
decline in percentage of ground covered 
by the sown species or by documenting the 
DM yield of the cultivar over a number 
of years within a sward. Grasses differ in 
their tolerance to heavy treading, which 
influences their persistency under grazing. 
High persistency is difficult to combine 
with high yield potential (Gilliland and 
Mann 2001). Wilkins and Humphreys 
(2003) concluded that grasses that persist 
under frequent close cutting also persist 
well under grazing. 
Wilman and Gao (1996) reported a dif-
ferent response to sward ageing. Italian 
ryegrass (IRG; cv. Multimo), PRG (cv. 
Bastion) and hybrid ryegrass (cv. Augusta) 
were harvested annually for 5 years. Italian 
ryegrass produced a significantly greater 
DM yield in the first harvest year than 
either PRG or hybrid ryegrass. In the 2nd , 
4th and 5th years PRG yielded significantly 
more than either Italian or hybrid ryegrass. 
After the 3rd harvest year there were fewer 
plants in the Italian ryegrass sward but til-
ler density in PRG had increased. Gilliland 
and Mann (2001) found that PRG and 
timothy swards maintained significantly 
higher sward densities than either Italian 
or hybrid ryegrass. Grass species that 
develop a high level of reproductive til-
lers tend to have less persistency and 
retain less non-structural carbohydrate in 
the stubble. Little green material remains 
after reproductive growth is harvested; 
direct regrowth depends on mobilisation 
of carbohydrate and N reserves in the 
stubble (Fulkerson and Donaghy 2001). 
Improving sward quality attributes
A dairy cow on a diet of grazed grass can 
achieve a milk yield of approximately 
30 kg/day compared to 40 kg/day from 
a nutrient-dense diet. Of this difference 
61% was attributed to reduced intake of 
digestible DM (Kolver and Muller 1998). 
Two questions arise: firstly what prevents 
an animal from consuming sufficient grass 
daily to satisfy its potential to produce 
milk and/or meat and, secondly, can grass 
composition be manipulated through 
breeding to enable higher nutrient intake? 
Assuming perfect herbage allowance and 
management conditions, feed intake in 
ruminants is most likely controlled by both 
physical and physiological factors. Both 
the digestibility of forages and rumen 
fill are strongly related to proportion of 
cell wall and the lignification of the cell 
wall (Van Soest 1994). The intake of 
low- to medium-quality grass is limited 
by rumen fill. With high quality herbage, 
physiological factors have a role to play. 
Physiological factors that inhibit microbial 
activity in the rumen and reduce rumina-
tion, saliva flow and rumen contractions 
are expected to reduce the breakdown rate 
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of plant material and reduce throughput, 
and DM intake (DMI). Choosing cultivars 
that have high rates of fibre clearance and 
degradation may reduce the residence 
time of material in the rumen, allowing for 
increased DMI.
Sward structure is an important quality 
aspect in relation to DM intake by grazing 
animals. In order to increase the intake 
of grass DM, ruminants need to graze 
swards that have high intake characteris-
tics. Differences between grass cultivars in 
sward structural characteristics and in sub-
sequent animal performance are well rec-
ognised (Gately 1984; Gowen et al. 2003). 
O’Donovan and Delaby (2005) obtained 
higher DMI and milk production from 
late-heading compared to intermediate-
heading PRG cultivars, when cows were 
stocked at various rates during the main 
grazing season. The higher performance 
associated with the late-heading PRG cul-
tivars was due to a higher proportion of 
green leaf in the grazed horizon (lower 
stem proportion), leading to higher digest-
ibility coefficients (Table 6). Gately (1984) 
found a similar result to that for the low 
SR treatment. Herbage availability on 
rotationally grazed swards may be deter-
mined by the proportion of green leaf 
in the grazed horizon. Wade et al. (1989, 
1995) concluded that herbage intake 
increased as the proportion of green leaf 
in the lower horizon of the sward, which 
remained when cows finished grazing, 
increased. Peyraud, Mosquera-Losada 
and Delaby (2004) concluded that green 
leaf allowance was a better predictor of 
DMI than daily herbage allowance. 
Nutritional factors
Traditionally, the traits that were most 
important in PRG breeding were forage 
production and disease resistance (Smit 
et al. 2005). Some of the traits that are 
important for nutritive value include the 
concentrations of crude protein (CP), 
water soluble carbohydrate (WSC), neu-
tral detergent fibre (NDF), and organic 
matter digestibility (OMD). 
Crude protein
Nitrogen use efficiency on intensive dairy 
farms is low (15 to 26% on average; Castillo 
et al. 2001). Corresponding estimates for 
beef production are <10% (Scholefield 
et al. 1991). The theoretical maximum 
efficiency for the conversion of dietary N 
to milk N is 40 to 45% (Van Vuuren, Van 
der Koelen and Vroons-De Bruin 1986) 
but is rarely achieved in pasture-based 
systems. The CP concentration of well-
fertilized, well-managed grass is usually in 
excess of the requirements of dairy cows, 
beef cattle or sheep. In Ireland, herbage 
Table 6. Yield of milk solids and grass dry matter intake (DMI) per cow, and grass organic matter 
digestibility (OMD) for cows grazing swards of different heading date and grass ploidy at either high 
(HSR) or low (LSR) stocking rate during a 2-year study† 
Heading date by ploidy by stocking rate
Intermediate heading Late heading
Diploid Tetraploid Diploid Tetraploid
HSR LSR HSR LSR HSR LSR HSR LSR
Milk solids (kg/day) 1.47 1.60 1.54 1.66 1.52 1.70 1.52 1.75
DMI (kg/day) 16.5 18.0 16.4 18.0 17.5 17.9 18.1 19.1
OMD (g/kg ) 0.83 0.83 0.79 0.80 0.85 0.85 0.85 0.84
† O’Donovan and Delaby (2005).
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CP concentration can remain greater than 
200 g/kg DM throughout the grazing sea-
son in well managed, fertilised perenni-
al-ryegrass dominant pastures (French et 
al. 2001a; Kennedy et al. 2005; Wims et 
al. 2010) or mixed swards of perennial 
ryegrass and white clover (Humphreys, 
Casey and Laidlaw 2009). The excretion 
of excess N in urine is both potentially 
polluting and also energetically inefficient. 
Thus, increasing CP concentration should 
not be of primary concern in future grass 
breeding programmes. Microbial protein 
production in the rumen is dependent on a 
supply of rumen degradable protein along 
with energy. The concentrations of WSC 
and fibre, and overall grass digestibility, 
are important in the context of providing 
energy to utilize the rumen degradable 
protein in grass. Once the limit for rumen 
degradable protein use is reached the only 
way for extra dietary protein to be utilized 
by the animal is if it bypasses the rumen 
and is digested in the small intestine. The 
provision of rumen undegradable protein, 
which is available for degradation in the 
small intestine, may increase milk pro-
tein synthesis (Nocek and Russell 1988). 
Future grass breeding programmes should 
consider the possibility of increasing the 
energy concentration of grass and increas-
ing the ratio of undegradable to degrad-
able protein in grass.
Water soluble carbohydrate 
Many comparisons of grass cultivars have 
led to the inference that an observed 
improvement in DMI or animal produc-
tion was a response to an increase in 
WSC concentration (MacRae et al. 1985; 
Moorby et al. 2006). Among the mecha-
nisms that can be suggested to explain 
how higher WSC concentration in grass 
can directly increase DMI and animal 
performance are increased forage digest-
ibility and an optimum balance between 
rapidly fermentable substrate and N in the 
rumen. The direct effect of elevating WSC 
on grass digestibility is relatively modest 
– each 10 g/kg DM increase in WSC con-
centration, with a DM digestibility (DMD) 
of 800 g/kg, will increase overall DMD by 
just 2 g/kg. Under such circumstances an 
increase in WSC concentration of 50 g/kg 
DM would be required to produce a 
10 g/kg increase in DMD. Numerous stud-
ies have shown that synchronising the sup-
ply of energy and N to rumen microbes can 
improve the efficiency of microbial pro-
tein synthesis (Johnson 1976; Hoover and 
Stokes 1991). The elevation of grass WSC 
concentration needs to be large before 
any animal performance improvement is 
recorded. Lee et al. (2001) and Miller et al. 
(2001) recorded improvements in animal 
production in response to increases in 
grass WSC concentration of 40 to 50 g/kg 
DM and 39 g/kg DM, respectively. When 
O’Kiely et al. (2005) compared two grasses 
differing in WSC concentration by an aver-
age of 12 g/kg DM throughout a 154-day 
grazing period, no measurable differences 
occurred in the performance of finishing 
steers. Taweel et al. (2005, 2006) reported 
no effect on DMI or milk production by 
dairy cows where the elevations in grass 
WSC concentration were 24 to 31 g/kg DM 
and 32 g/kg DM, respectively. 
Fibre 
Ruminants have a requirement for fibre to 
maintain rumen function and health. Low 
dietary fibre can have negative effects on 
rumination, rumen pH, milk fat concentra-
tion and hoof health (Kleen et al. 2003). 
The National Research Council (2001) 
indicates a requirement for NDF of 350 
g/kg in forage DM. Grass has an NDF con-
centration of 350 to 670 g/kg DM (Dillon et 
al. 2002; Hart et al. 2009), which should be 
sufficient to meet the requirements of lac-
tating dairy and beef cows for dietary fibre. 
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Low rumen pH often indicates a deficiency 
in dietary fibre, and the rumen pH of 
dairy cows grazing high quality pasture 
can be low (Gibbs et al. 2007; Lewis et al. 
2010). Yet, there is also evidence to suggest 
that dairy cows grazing high quality pas-
ture do not need additional NDF (Wales 
et al. 1999). Fibre is potentially completely 
digestible in the rumen, thus it is not 
fibre but the digestibility/degradability of 
the fibre that is important (McDonald et 
al. 2002). Minson (1982) confirmed that 
DMD and OMD are both negatively cor-
related with the fibre concentration in 
several forages, including grasses. Indeed, 
lignin concentration has been used to pre-
dict digestibility in vitro (r −0.97; Morrisson 
1980). Oba and Allen (1999) reported 
significant increases in DMI and milk yield 
with increased NDF digestibility when 
comparing forages with different NDF 
digestibility values but similar NDF and 
CP concentrations. An increase of 10 g/kg 
in NDF digestibility was associated with 
a 0.17 kg increase in DMI and a 0.25 kg 
increase in fat-corrected milk yield. 
However, this response is likely to decline 
as the digestibility of NDF increases (Oba 
and Allen 1999). When considering fibre 
as a target trait for change in grass breed-
ing, attention needs to be focused on both 
fibre digestibility and concentration. 
Digestibility
Digestibility is frequently used to char-
acterise the available grass energy value 
(Lukas et al. 2005; Agabriel 2007). The 
digestibility of a pasture species is mainly 
influenced by its growth stage. Vegetative 
swards in spring consist of leaf and tend to 
be highly digestible (McEvoy et al. 2008). 
As the plant matures and enters the repro-
ductive stage leaf proportion declines, 
while stem and dead material accumulate, 
with negative effects on sward digestibility. 
Minson (1990) concluded that the decline 
in digestibility as a plant matures is associ-
ated with an increase in the proportion 
of leaf sheath, stem and flowering head, 
a reduction in the concentration of CP, 
a rise in the concentrations of cellulose, 
hemicellulose and lignin, and an accelera-
tion of the progressive lignification of the 
cell walls (Gowen 2002). 
High digestibility has a number of impor-
tant effects on animal production. Grass 
DMI and milk production increase as the 
sward digestibility increases (Stakelum and 
Dillon 1990). Milk composition is also 
affected, as illustrated by data from a survey 
of the management practices of a number 
of Irish dairy farmers. The survey results 
indicated that the depression in milk pro-
tein concentration in summer was associ-
ated with a reduction in the grass quality on 
offer to cows (Murphy et al. 2008). In beef 
systems, autumn herbage quality is also 
important. Neilan, O’Riordan and Keane 
(1996) and French et al. (2001c) reported 
major declines in sward digestibility, espe-
cially when pre-grazing yield increased.
Previous research has shown that 
genetic improvement in forage digest-
ibility results in improved animal per-
formance by increasing both the energy 
content of the diet and DMI (Wilkins and 
Humphreys 2003). Breeding programmes 
have sometimes focused on vegetative 
sward digestibility. This results in breed-
ing for improved digestibility at one time 
point during the year and not neces-
sarily improving grass digestibility across 
the season. Future breeding programmes 
need to refocus on increasing digestibility 
across the entire growing season.
Fatty acids
Reducing the concentration of saturated 
fat in milk and meat has beneficial con-
sequences for human health (Mensink 
et al. 2003). In addition, milk and meat 
contain specific fatty acids that are 
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positively associated with human health, 
e.g., cis-9, trans-11 linoleic acid, which 
has anti-carcinogenic properties (Parodi 
2002). Fresh grass is an excellent source 
of α-linolenic acid. This fatty acid is an 
important substrate for the production of 
some of the key unsaturated fatty acids 
in milk and meat. Couvreur et al. (2006) 
found that increasing the proportion of 
fresh grass in the diet, at the expense of 
maize silage, induced a linear increase 
in the concentration of unsaturated fatty 
acids in milk at the expense of saturated 
fatty acids. The nutritional value of the 
resulting butter was improved, by halving 
the atherogenicity index. French et al. 
(2001b) also reported high cis-9 trans-
11 linoleic acid in the meat of grazing 
steers relative to animals fed indoors on 
concentrate diets. Species, leaf propor-
tion, growth stage, re-growth period and 
the form of grass offered (grazed in situ, 
zero-grazed, silage) can all affect the fatty 
acid concentration (Dewhurst et al. 2001, 
2003; Elgersma et al. 2003; Mohammed 
et al. 2009). Elgersma et al. (2003) dem-
onstrated that cows offered two cultivars 
of PRG, differing in C18:3 concentration, 
produced milk varying in fatty acid con-
centration. This indicates that selection 
to increase the levels of (particular) fatty 
acids should be considered in grass breed-
ing programmes. 
Environmental considerations 
of grass-based feeding systems
Increased grass digestibility is impor-
tant from an environmental perspective. 
Blaxter and Clapperton (1965) demon-
strated that at feeding levels greater than 
three times maintenance, as digestibility 
increases, methane production per unit 
DMI declines. The higher the quality of 
the feed offered the lower the propor-
tion of energy intake lost as methane 
(Wims et al. 2010). Reduced digestibil-
ity is often evident, in terms of nutritive 
value, as reduced CP and increased cel-
lulose and hemicellulose concentrations. 
This combination is likely to increase 
enteric methane production of ruminants 
as structural carbohydrate fermentation 
leads to a greater loss of methane than the 
fermentation of soluble sugars, starches 
and protein (Hegarty and Gerdes 1998). 
Increasing the digestibility of the grass 
consumed should also enable the rumen 
microflora to utilize more of the ingested 
N, thus increasing animal production and 
reducing N excretion.  
Urine excretion by grazing cattle can 
result in point application rates of N equiv-
alent to 500 to 1000 kg/ha and although 
some of this N is lost as NH3, taken up by 
the sward or immobilised by soil organic 
matter (OM), a substantial proportion is 
nitrified to nitrate. Soil nitrate is prone 
to loss via leaching and denitrification 
(Whitehead 1995). The findings of both 
Miller et al. (2001) and Moorby et al. (2006) 
of significant reductions in urinary N excre-
tion by dairy cows grazing grass of high 
WSC concentration indicate the potential 
of high WSC grass to reduce N losses within 
a grazing system. This effect was confirmed 
by Howard et al. (2007) who reported a lin-
ear reduction in the proportion of ingested 
N excreted via urine and a corresponding 
increase in the proportion in faeces when 
zero-grazed steers were supplemented with 
0, 30, 60, 90 or 120 g sucrose per 1 kg grass 
DM. Lee et al. (2001) found a reduction 
in rumen NH3 concentration in response 
to sequential increases in WSC intake, 
suggesting that the partitioning of N from 
urine to faeces reported by Howard et al. 
(2007) likely reflects an improved efficiency 
of microbial protein synthesis in the rumen. 
It has been suggested that grasses with 
elevated WSC concentration could reduce 
the amount of energy lost from the rumen 
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as methane (Minson 1990) due to a shift 
towards a higher proportion of glucogenic 
volatile fatty acids (Taweel et al. 2005). The 
limited amount of evidence available to 
date (Lovett et al. 2004; Taweel, Smit and 
Elgersma 2007) is not supportive of this 
suggestion. 
Conclusions
The rate of reseeding currently practised in 
Ireland is low (Creighton et al. 2011). Given 
the low stocking rate but poor performance 
nationally, per ruminant animal and per 
hectare, it appears that the quality of grass 
swards on Irish farms is often substandard. 
To improve the ability to grow grass a major 
increase in the level of pasture reseeding is 
required. For many livestock farmers the 
initiation of a grassland reseeding plan is 
one of the key changes required to improve 
the performance and profitability of the 
livestock production enterprise. 
The variability of market forces continu-
ously impacts on the relatively short-term 
management practises employed by farm-
ers. All current indications are that any 
competitive advantage for Irish dairy, beef 
or sheep production in the next decades will 
depend on increased, and more efficient, 
grass utilization for the sustainable produc-
tion of high quality milk and meat. The pro-
portion of annual feed intake contributed by 
grazed herbage will have to increase to the 
highest amount practical. This will require 
the widespread adoption of best-practise 
grassland and grazing management tech-
niques. On most farms the introduction of 
improved grass cultivars must take place.
Plant breeding is a progressive long- 
term process. The primary requirements 
from grass breeders by the Irish ruminant 
industry are:
increased grass production, particu-(i) 
larly in winter/spring rather than just 
on an annual basis,
improved grass digestibility, particu-(ii) 
larly in mid-season,
grasses that produce sward canopy (iii) 
structures suited to grazing (high 
green leaf proportion),
cultivars that are persistent under (iv) 
grazing.
Breeding programmes should aim to 
develop cultivars suited to grazing only, 
as well as to grazing/silage management 
options. Environmental factors such as 
greenhouse gas emissions and efficient 
nutrient use are, and will continue to be, 
crucially important. The greenhouse gas 
emissions and nutrient use efficiency asso-
ciated with grass and clover cultivars are in 
many cases expressed via on-farm factors. It 
is likely that the major contribution of grass 
breeding to the environmental aspects of 
sustainable systems will be via its contribu-
tion to overall efficiency and productivity 
under the four major breeding requirements 
indicated above. However, a benefit should 
directly accrue to the N cycle in grazing 
systems from a lower CP and/or higher 
WSC concentration. Grass cultivar evalu-
ation programmes must identify cultivars 
that increase the profitability of Irish dairy, 
beef and sheep production systems. Irish 
grassland research must identify grasses, 
or combinations of grasses and white clo-
vers, and the optimum grazing management 
approach, that will enable profitable and 
sustainable ruminant production systems. 
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